Abstract: Inflorescence structure and floral morphology has been studied in 19 accessions of C. quinoa. All the accessions show gynomonoecy and bear three basic flower types viz. hermaphrodite, chlamydeous female and achlamydeous female and number of types can be extended to five considering the size of flowers. Ten types have been classified on the basis of the proportion of hermaphrodite and female flowers and their arrangement, depending upon the number of divisions of the dichasium on the glomerule. Implications of these results in facilitating intervarietal crosses are discussed.
Introduction
Quinoa (Chenopodium quinoa Willd.) is a pseudocereal that has been used as an important grain crop in the Andean region since 3000 B.C. (Tapia 1982; Koziol 1993) . Quinoa grain is a rich source of oil, starch, minerals and vitamins, besides having an outstanding protein quality (Koziol 1992; Oshodi et al. 1999; Ogungbenle 2003) . The plant also has the ability to resist various abiotic stresses like soil salinity, frost, drought etc. (Jensen et al. 2000; Jacobsen et al. 2003) . Due to its wide adaptability, the plant has been successfully introduced and acclimatized in various parts of the world like Europe, Africa and Asia (Mujica et al. 2001) .
Increasing grain yield of quinoa has been the principal aim of quinoa breeders worldwide. This requires a first hand knowledge of the floral structure and the breeding system of the flower, including the arrangement of flowers on the inflorescence. Many types of flowers are known to occur that range from unisexual to hermaphrodite (Risi & Galwey 1984) . Inspite of the long history and recently evoked interest in the plant, studies on floral structure and breeding system in quinoa are rare (Risi & Galwey 1984) . Therefore, the present study was undertaken to study the structure and the arrangement of various types of flowers on the inflorescence.
Material and methods
The accessions used in the study and their sources are given in Table 1 . The inflorescences were collected at the same stage of growth from three plants of each accession grown under similar environmental conditions. The inflorescences were studied under a dissecting microscope.
Results
All the C. quinoa accessions studied are gynomonoecious i.e. the female and perfect flowers are present on the same individual. The inflorescence is a panicle, which is usually profusely branched having a principal axis from which secondary and tertiary branches arise. Besides the terminal inflorescence, there are axillary inflorescences, which arise from the leaf axils on the lower parts of the plant and these show determinate growth being terminated by a hermaphrodite flower. The elongation of the inflorescence is due to the intercalary growth of the axis. Short branches bearing a group of flowers originate from third order (tertiary) axes, which are called glomeruli. The secondary and tertiary branches also bear a terminal hermaphrodite flower.
Floral structure: The flowers can be divided into five types based on their being hermaphrodite or female, presence or absence of perianth and size.
I. Terminal hermaphrodite flower: This is the terminal flower, 2 mm in breadth present on the main and axillary inflorescences, and on each cluster or group of flowers on the inflorescence. The number of perianth segments may vary from 5 to 6 with as many anthers. II. Lateral hermaphrodite flower: These are dispersed among the female flowers and are present terminally on the first, second or even third branching of the dichasium. These generally have pentamerous perianth and stamens. III. Chlamydeous female flowers-large: These have 5- merous perianth but lack stamens altogether and are just half the size (1 mm) of the hermaphrodite flowers. IV. Chlamydeous female flowers-small: Except for their smaller size (0.5 mm), they are morphologically similar to type III flowers and are present on the ultimate branches of dichasium. V. Achlamydeous flowers-small: These are small naked carpels lacking perianth altogether and are present on the ultimate branches of the dichasium.
Flower clusters or glomeruli: These are borne opposite to each other on the tertiary axes of the inflorescence and show dichasial arrangement of flowers. The dichasium is very symmetrical in all the accessions studied and is terminated by a hermaphrodite flower. The position of the cluster on the axis determines its size and number, and proportion of different flower types. These can be divided into 10 types depending upon the number of divisions of dichasium and the type and number of flowers on successive branches (Figs 1-3 ).
Type I: Here (CHEN 84/79) the initial flower in each cluster is bisexual (7.7%) and the rest are all females. The first and the second branches of the dichasium are terminated by chlamydeous large female flowers while the third and fourth branches respectively bear chlamydeous and achlamydeous small female flowers (Fig. 1a) .
Type II: In this category (PI 13719, PI 510537), the initial and the first branches of the dichasium are terminated by bisexual (10.6%) flowers. The second branch bears chlamydeous large female flowers while the second and third bear female flowers (Fig. 1b) .
Type III: This category (PI 510532, PI 13762) showing 11.1% bisexual flowers differ from the preceding one only in that the fourth branch bears achlamydeous small female flowers (Fig. 1c ).
Type IV: Here (PI 433232) 12.5% flowers are bisexual and the dichasium is divided five times. The first and second branches bear bisexual flowers, the third branch bears chlamydeous large female flower while the fourth and fifth branches bear achlamydeous female flowers (Fig. 1d ). In all these accessions, the first division of the dichasium terminates in a bisexual flower while the second and third branches bear a large and a small chlamydeous female flower respectively (Fig. 2a ).
Type VI: Present in accessions CHEN 7/81 and CHEN 58/77, differs from the preceding one in only that the third branch bears achlamydeous small female flowers (Fig. 2b ).
Type VII: This condition represented by PI 614883 and PI 478410 has 20.0% bisexual flowers while the dichasium is divided only twice. The first and second branches bear chlamydeous large and small female flowers respectively (Fig. 2c ).
Type VIII: This type (PI 22158) differs from the preceding one in only that the second branch bears achlamydeous small female flowers (Fig. 2d ).
Type IX: Represented by a single accession PI 478414, shows 46.6% bisexual flowers and the dichasium is divided only twice. The first branch bears a bisexual flower while the second branch bears a large chlamydeous female flower (Fig. 3a) . three branches bear bisexual flowers while the fourth one bears a small chlamydeous female flower (Fig. 3b) .
Discussion
All the accessions of C. quinoa studied show gynomonoecious condition with the percentage of bisexual flowers varying from 8 to 50. The present study agrees with earlier reports of variable proportions of male and bisexual flowers on the inflorescence, with the latter ranging from 2 to 99% (Rea 1969) . In most extreme case only the apical flower in a group is bisexual (Leon 1964) as has been presently found in accession CHEN 84/79. Such variability in ratios of floral types uninfluenced by environmental factors has also been found in other gynomonoecious species such as Aster (Bertin & Kerwin 1998) . Similar floral types have also been observed earlier in four Himalayan cultivars of C. album (Partap & Upadhyay 1987) . The respective floral types produce different grades of seeds, with small flowers producing abortive seeds (Partap & Upadhyay 1987) . Such studies need also to be done in quinoa.
Quinoa is predominantly autogamous, though some outcrossing is also possible. Outcrossing rates ranging from 0.5 to 9.9% have been found in the quinoa grown in Bolivian altiplano (Gandarillas 1979 ). An average outcrossing rate of 5.8% was found in eight land races and five commercial varieties (Lescano 1980) . This is further corroborated by the absence of any inbreeding depression in such characters as weight and height of above ground parts of the plant, development of inflorescence and seeds, or on the homogeneity of offsprings in six chenopod species studied (Dostalek 1987) . However, some extreme cases of complete self pollination through cleistogamy (Nelson 1968) and obligate outcrossing by self-incompatibility and male sterility (Nelson 1968; Gandarillas 1969; Simmonds 1971) are also reported. This means the quinoa has a fairly versatile breeding system. Such self-incompatible or male sterile lines and the ones which have very low frequency of hermaphrodite flowers can be used in breeding programmes as the quinoa flowers being rather small are not amenable to emasculation. Further, detailed studies are needed to study the effect of different proportions of floral types in different accessions on inbreeding and outcrossing rates and seed production. 
